An analysis of 16S rRNA gene sequences from archived clinical reference specimens identified a novel species of the genus Psychrobacter, of which four strains have been independently isolated from human blood. On the basis of 16S rRNA gene sequence similarity, the closest relatives with validly published names were Psychrobacter arenosus R7 T (98.7 %), P. pulmonis CECT 5989 T (97.7 %), P. faecalis Iso-46 T (97.6 %) and P. lutiphocae IMMIB L-1110 T (97.2 %). Maximumlikelihood phylogenetic analysis of 16S rRNA gene sequences showed that the isolates belonged to the genus Psychrobacter and were members of a cluster associated with Psychrobacter sp. PRwf-1, isolated from a silk snapper fish. DNA-DNA relatedness and partial 23S rRNA gene sequences also supported the finding that the isolates belonged to a species distinct from its closest phylogenetic neighbours. The predominant cellular fatty acids were C 18 : 1 v9c, C 16 : 0 , summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH), summed feature 5 (C 18 : 2 v6,9c and/or anteiso-C 18 : 0 ) and C 18 : 0 . Biochemical and morphological analysis further supported the assignment of the four isolates to a novel species. The name Psychrobacter sanguinis sp. nov. is proposed. The type strain is 13983 T (5DSM 23635 T 5CCUG 59771 T ).
The genus Psychrobacter contains 33 species with validly published names. From 2004 to 2008, the Wadsworth Center received four bacterial isolates from human blood cultures that the laboratory was not able to identify definitively. The isolates did not provide an acceptable sequence similarity match to any of the 16S rRNA gene sequences available in the MicroSeq (Applied Biosystems), GenBank (http://www.ncbi. nlm.nih.gov/entrez/) or EzTaxon (Chun et al., 2007) databases. The isolates had 99.9-100 % 16S rRNA gene sequence similarity with one another over 1457 nt and belonged to the genus Psychrobacter, with the closest relatives being Psychrobacter arenosus R7 T (Romanenko et al., 2004) , P. pulmonis CECT 5989 T (Vela et al., 2003) , P. faecalis Iso-46 T (Kämpfer et al., 2002) and P. lutiphocae IMMIB L-1110 T (Yassin & Busse, 2009) (98.7, 97.7, 97.6 and 97.2 % 16S rRNA gene sequence similarity, respectively). Additionally, the isolates exhibited 99.7 % 16S rRNA gene sequence similarity with Psychrobacter sp. PRwf-1, an organism isolated from a silk snapper fish caught 5 km off the coast of Puerto Rico. This taxonomic study characterized the blood isolates and Psychrobacter sp. PRwf-1 and assigned the isolates to a single novel species in the genus Psychrobacter.
The isolates were maintained aerobically at 37 u C on trypticase soy agar (Becton Dickinson) supplemented with 5 % sheep blood (TSAB). Strain 13983 T was selected as the representative strain. All four isolates were deposited in the culture collections at the DSMZ and CCUG (Table 1) . DNA from each isolate was prepared and a nearly full-length sequence of the 16S rRNA gene was determined as previously described (Wolfgang et al., 2011) . Sequences were assembled and analysed with CLC Main Workbench 4.0 software (CLC Bio). Five polymorphic sites were identified in strain 1501.
The GenBank/EMBL/DDBJ accession numbers for the partial 16S rRNA gene sequences of strains 1501, 92, 10070 and 13983 T are HM212665-HM212668 and for the partial 23S rRNA gene sequences are HM236413-HM236416, respectively. The GenBank/EMBL/DDBJ accession numbers for the partial 23S rRNA gene sequences of Psychrobacter faecalis DSM 14664 T , P. arenosus DSM 15389 T , P. pulmonis DSM 16214 T and P. lutiphocae DSM 21542 T are HM236417-HM236420, respectively. For each of strains 92 and 13983 T , a single polymorphism was identified at the same position as one of the polymorphic sites in strain 1501. For strain 10070, a single polymorphism was found at a different site. In each isolate that contained a single nucleotide at one of the polymorphic sites, the nucleotide was concordant with one of the polymorphic residues found in another of the isolates.
We identified 16S rRNA gene sequences closely related to that of strain 13983 T using BLAST (Altschul et al., 1997) . Pairwise sequence similarity was calculated using the EzTaxon server (http://www.eztaxon.org/; Chun et al., 2007) as previously described (Wolfgang et al., 2011) . Recent studies suggest that organisms with .97 % 16S rRNA gene sequence similarity may represent the same species (Tindall et al., 2010) , so we acquired Psychrobacter sp. PRwf-1 and the type strains for species of the genus Psychrobacter that exhibited .97 % 16S rRNA sequence similarity (i.e. P. arenosus DSM 15389 T , P. pulmonis DSM 16214 T , P. faecalis DSM 14664 T and P. lutiphocae DSM 21542 T ) to use as reference strains. Partial 23S rRNA gene sequences were obtained from the isolates and the reference strains, according to Wolfgang et al. (2011) , except for Psychrobacter sp. PRw-f1, whose 23S rRNA gene sequence was publicly available. Strain 13983 T had 99.7-100 % 23S rRNA gene sequence similarity with strains 92, 1501 and 10070 over 2078 nt, 99.1 % sequence similarity with Psychrobacter sp. PRwf-1 and 95.0-97.7 % sequence similarity with the other four reference strains (see Supplementary  Table S1 , available in IJSEM Online).
For phylogenetic analysis, 16S rRNA gene sequences were aligned using the SINA aligner against the SILVA version 103 database (Pruesse et al., 2007) . The alignment was corrected manually using ARB (Ludwig et al., 2004) and ambiguously aligned regions and gaps were removed. A total of 1337 positions was used for the phylogenetic analysis. A maximum-likelihood tree was created with the parameters of the general time reversal model, six substitution rate categories and five random starting trees employing PhyML version 3.0 (Guindon & Gascuel, 2003) . Tree reliability was evaluated by the approximate likelihood ratio test (Anisimova & Gascuel, 2006) . The four isolates fell within the genus Psychrobacter and formed a single well-supported cluster that was clearly separate from the other type strains of species of the genus Psychrobacter and Psychrobacter sp. PRwf-1 ( Fig. 1 ). 23S rRNA gene sequences of the isolates and those of the genus Psychrobacter that were publicly available were aligned using CLUSTAL W in MEGA 4.0.2 (Tamura et al., 2007) and were subjected to phylogenetic analysis similar to that of the 16S rRNA gene sequences. The maximumlikelihood tree generated with 23S rRNA gene sequences ( Supplementary Fig. S1 ) supported the result of the 16S rRNA gene sequence analysis. The neighbour-joining trees generated with 16S and 23S gene sequences had similar structures and bootstrap support for the clustering of isolates and its closest neighbours (data not shown). Thus, both phylogenetic analyses supported the findings of the sequence comparisons that the isolates belonged to a distinct and novel species in the genus Psychrobacter.
DNA-DNA hybridization was performed in duplicate by the DSMZ (Braunschweig, Germany), according to the methods given by Wolfgang et al. (2011) . Strain 13983 T was hybridized against strain 1501 and the reference strains. DNA-DNA relatedness between strains 13893 T and 1501 was 96 % (duplicate 92 %) and between strain 13893 T and the reference strains ranged from 17 to 55 % (Table 2) . Based on a cut-off value of 70 % (Wayne et al., 1987) , the isolates represented the same species, but a species distinct from those of the reference strains. It is important to note that DNA-DNA relatedness indicated that the isolates belonged to a species separate from that of Psychrobacter sp. PRwf-1 even though the 16S and 23S rRNA gene sequence similarities between the isolates and Psychrobacter sp. PRwf-1 were .99 %.
Cellular fatty acid analysis was performed on the isolates as previously described (Wolfgang et al., 2011) . Oleic acid (C 18 : 1 v9c) was the dominant fatty acid (22.5-42.0 %) in all four isolates (Table 3 ). The predominance of monounsaturated fatty acids, such as oleic acid, has been postulated to help to maintain cell membrane permeability at low temperatures and the presence of oleic acid is a characteristic for the genus Psychrobacter (Bowman, 2006) . The other predominant fatty acids of the isolates were C 16 : 0 , summed feature 3 (composed of C 16 : 1 v7c and/or iso-C 15 : 0 2-OH), C 18 : 0 and summed feature 5 (composed of C 18 : 2 v6,9c and/or anteiso-C 18 : 0 ). The levels of the other predominant fatty acids were generally concordant, albeit somewhat variable, with those of the reference strains; summed feature 5 was the single exception as it was found in much higher abundance in the isolates (8.7-11.8 %) than in the reference strains (0-0.66 %).
Cells of the isolates were Gram-negative, non-motile, nonpigmented, non-sporulating, catalase-and oxidase-positive coccobacilli, features that are characteristic for the genus Psychrobacter. As is also true for most recognized members of the genus, the isolates grew aerobically at 4-37 u C, but not at 42 u C. Although the isolates were obtained from human blood (0.9 % NaCl), they were able to grow on marine agar (Bowman, 2006) , which contained 3.5% sea salt, which was also in agreement with other members of the genus Psychrobacter. The characteristics that distinguished the isolates from the reference strains are detailed in Table 4 . The isolates could be distinguished from four of the reference strains by the presence of urease, from P. lutiphocae DSM 21542 T by the presence of alkaline phosphatase and naphthol-AS-BI-phosphohydrolase (Yassin & Busse, 2009 ) and from P. arenosus DSM 15389 T by their inability to ferment and produce acid from L-arabinose, galactose, Dglucose, lactose, rhamnose and D-xylose (Romanenko et al., 2004) . Unlike the reference strains, the isolates were unable to grow on TSA, brain heart infusion (BHI) agar or MacConkey agar or in trypticase soy broth (TSB) or BHI broth. When cultured in minimal nutrient broth supplemented with NaCl, the isolates were unable to grow with 2 % NaCl, while P. arenosus, P. pulmonis, P. faecalis and P. lutiphocae grew with 10, 6.5, 15 and 6 % NaCl, respectively (Table 4 ).
The isolates could be distinguished from almost all other members of the genus Psychrobacter by the presence of urease, alkaline phosphatase and naphthol-AS-BI-phosphohydrolase and their inability to produce acid from sugars. The exceptions were Psychrobacter fulvigenes, P. phenylpyruvicus and P. maritimus, which shared the above characteristics. The isolates could be distinguished from P. fulvigenes KC-40 T , on the basis of 16S rRNA gene sequence similarity (96.8 %), lack of production of a black-brown pigment, absence of citrate utilization, no growth with 12 % NaCl, lower proportions of the fatty acids C 17 : 1 v8c, C 18 : 1 v9c and C 16 : 1 and a non-marine origin (Romanenko et al., 2009 ), from P. phenylpyruvicus ATCC 23333 T on the basis of 16S rRNA gene sequence similarity (95.2 %), absence of citrate utilization, no growth with 6.5 % NaCl, lower proportions of the fatty acids C 17 : 1 v8c and C 18 : 2 and the presence of C 11 : 0 (Bowman et al., 1996) and from P. maritimus Pi2-20 T on the basis of 16S rRNA gene sequence similarity (96.1 %), no growth with 10 % NaCl, a lower proportion of the fatty acid C 17 : 1 v8c and a non-marine origin (Romanenko et al., 2004) .
On the basis of biochemical and morphological characteristics, DNA-DNA hybridization and gene sequence analysis, we propose that strains 92, 1501, 10070 and 13983 T represent a single novel species, with the name Psychrobacter sanguinis sp. nov. (C8), leucine arylamidase and naphthol-AS-BI-phosphohydrolase. The type strain is negative in tests for acid phosphatase, valine arylamidase and cystine arylamidase; other strains may be positive for these enzymes ( Supplementary Table S2 ). Negative in tests for lipase (C14), trypsin, a-chymotrypsin, a-and b-galactosidase, b-glucuronidase, a-and b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. The predominant cellular fatty acids are oleic acid (C 18 : 1 v9c), palmitic acid (C 16 : 0 ), summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH), stearic acid (C 18 : 0 ) and summed feature 5 (C 18 : 2 v6,9c and/or anteiso-C 18 : 0 ).
The type strain, 13983 T (5DSM 23635 T 5CCUG 59771 T ), was isolated from the blood of an 84-year-old male in New York State, USA. Urease + 2 2 2 2 + Enzyme activities (API ZYM) Alkaline phosphatase + + + 2 2 2 Naphthol-AS-BIphosphohydrolase + 2 + 2 2 2 Acid production from:
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